Abstract Background: Data is lacking regarding the optimal CT timing for diagnosing intra-abdominal postoperative complications. Our aim was to examine the accuracy of CT imaging performed in the early post-operative period (POD 1-5) compared to late post-operative period , in the detection of post-operative complications. Methods: Post-operative CT scans performed in the first 14 days following abdominal surgery, between 2011 and 2013 were reviewed and divided into two groups: early CT scans performed at POD 1-5 and late CT scans performed at POD 6-14. Analysis included clinical and laboratory parameters, radiologic findings and assessment of post-operative course according to CT scan results. Results: 318 CT scans were performed. The rate of repeated CT scans was higher in the patients included in the early CT scan group compared to the late CT scan group (23.1% vs. 11.2%, p=0.013). There were more re-operations in the early CT group, with no statistical difference (12.8% vs. 7.9%, p=0.23), whereas drainage procedures were more frequent in the late CT group (22.1% vs. 9.0%, p=0.008). Early CT scans were less sensitive in detecting post-operative GI complications (56% vs. 73%, p=0.018). The accuracy to detect post-operative complications was similar between the groups (83% vs. 88%, p=0.42). Conclusion: CT scans performed in the early post-operative period are less sensitive and tend to necessitate repeated scans. The accuracy of abdominal CT examination in detecting post-operative GI complications was not found to be statistically different between the early and late CT scan groups.
Introduction
Treating the surgical patient with GI post-operative complications is challenging. Post-operative GI complications, e.g. anastomotic leakage, hollow organ injury, abscess formation and infection can carry a high mortality rate [1, 2] . Correct diagnosis and treatment reduce mortality. However, diagnosing these complications presents a challenge, especially in the early post-operative period where the classical signs of abdominal pain, tenderness, ileus or fever may be regarded as nonspecific [3] .
Computed Tomography (CT) scan is the imaging modality of choice to diagnose intra-abdominal post-operative complications. However, data is lacking on the actual value of postoperative CT scan, as its features may overlap between patients with and without clinically significant complications [3, 4] . Abnormal CT findings such as abdominal gas, fat infiltration, bowel wall thickening or free fluid may be interpreted as expected in the early post-operative period [5, 6] . A localized fluid collection or abscess that is the only manifestation of an anastomotic leak may not be reliably differentiated from a transient postoperative serum collection by CT alone [7] . On the other hand, small amounts of contrast medium extravasation may not always be seen, with studies demonstrating limited CT scan sensitivity between 12%-68% in diagnosing distal anastomotic leak [8, 9] .
In another study, the sensitivity and accuracy of abdominal CT scanning in the detection of anastomotic leakage was evaluated with the aim to analyze the clinical consequences of false-negative imaging. The low sensitivity and accuracy (59% and 73% respectively) suggested that a negative CT scan does not rule out anastomotic leakage [10] .
Moreover, imaging studies are not consistent in their ability to differentiate between complications that can be managed conservatively, such as contained leaks or simple fluid collections, from complications that require urgent intervention. Even the mere definition of a complication, e.g. an anastomotic leak, varies between studies, as depicted in the systematic review by Bruce et al. [11] . As a result, CT scan may be less valuable in the early post-operative period.
The absence of clearly pathological CT findings may contribute to less aggressive treatment approach and possibly delay necessary surgical intervention in patients in whom the clinical presentation is subtle [12] . On the other hand, a patient with a clinical scenario that clearly points to a development of a serious complication e.g. anastomotic leak can sometimes be re-operated without a repeated imaging.
The purpose of this study is to describe the performance and to examine the accuracy of abdominal CT imaging performed in early post-operative period between post-operative days (POD) 1-5, in the detection of post-operative complications, as compared to late post-operative period . The importance of this study is to add data on the implications and consequences of early imaging. That may improve patient management and treatment, and spare un-conclusive tests.
Methods
This is a retrospective study which included adult male and female patients, who underwent an abdominal surgery at a tertiary hospital over a 3-year period between 2011-2013, and subsequently underwent a post-operative CT examination within 14 days of their primary surgery, as a diagnosing tool for post-operative complications such as leak, perforation and infection. Complications which are not infectious in origin or do not cause infection, e.g. bleeding, ileus or bowel obstruction may have distinct clinical scenarios and may often be detected with other imaging modalities [7, 13] , and were hence not evaluated in this study.
A total of 430 CT examinations were performed. 112 cases were excluded as follows: 34 CT scans were performed following surgeries that were not considered suitable for the study. 51 scans were performed for a clinical question other than leakage/infectious etiology, e.g. bleeding, bowel obstruction, follow up, and other. 12 scans were inappropriately featured in the electronic file, having technical difficulties with the CT scan itself or performing the CT outside the post-operative 14-day time frame of the study. Additional 15 studies were dismissed from this registry due to unclear clinical course.
The final registry consisted of 318 CT studies which were divided into two groups: The early CT scan group included 78 CT examinations performed at POD 1-5. The late CT group consisted of the remaining 240 examinations performed at POD 6-14.
Data analysis included comparison between early and late CT examinations regarding gender, age, etiology and type of surgery, clinical and laboratory parameters (pain, fever, heart rate, blood pressure, white blood cell count, etc.), radiologic findings, and post-operative course with review of the management according to the CT scan results, including re-intervention (re-operation, drainage or repeated CT scanning), the time interval to re-intervention, mortality and length of ICU stay.
To determine the value of a CT scan in diagnosing postoperative complications, the clinical course of each patient was assessed. If the CT findings suggested that the patient can be managed expectantly, and no intervention was attempted, and indeed the course was uneventful until recovery, the CT scan outcome was labeled as "true negative -TN". In case the patient's condition deteriorated, necessitating intervention by means of re-operation or drainage, then the CT outcome was labeled "false negative -FN". If an intervention was deemed necessary based on the CT findings, by means of re-operation or drainage, and the intervention confirmed the suspicion, it was labeled "true positive -TP". In case the intervention did not confirm the suspicion, it was labeled "false positive -FP". Then a comparison between the two study groups was made.
The accuracy of the CT scan was evaluated with the same method, by comparing between early and late post-operative CT scan outcomes and the subsequent interventions that were made according to those CT scans.
Statistical Analysis
To assess the relation between two categorical variables, Chi-Square Test was used, or the Fisher's Exact Test. The relation between a quantitative variable to a categorical variable with two groups was assessed using the T-Test or the Non-parametric Mann-Whitney Test. All of the statistical analyses were double-sided, and a p-value of 5% or less was considered significant.
Results
Between 2011 and 2013, a total of 318 post-operative abdominal CT studies were performed as described earlier.
There were no demographic differences between the two study groups. The clinical characteristics of the cohort are listed in Table 1 . No inter-group difference was seen in terms of the urgency of surgery, with similar rates of urgent versus elective procedures. There was, on the other hand, a significant inter-group difference in the methods of surgeries performed. In the early CT group, 58% of the surgeries performed were open surgeries, while in the late CT group, open surgeries were more frequent -73.9%, (p-value= 0.015). We further divided the cases into subgroups, based on the type of surgery. There were no statistically significant differences in the different types of surgery between the two groups.
The clinical and laboratory signs that led to performing post-operative CT are depicted in Table 2 . There were no significant changes between the study groups as to the clinical and laboratory parameters that led to the performance of a CT scan. Wound infection, manifested by pus in the wound or in the surgical drain, was more frequent in the late CT group than in the early CT group (19.9% vs. 7.4% respectively, p=0.009), so as fever (48.5% vs. 35.8%, p=0.046). Tachycardia on the other hand, was noted more frequently in the early CT group (63% vs. 50.2%, p=0.046).
Post-operative CT scan findings are demonstrated in Table 3 . The early CT scan had diagnosed leak either by contrast extravasation or by direct evidence of gas leakage in 24.4% of the scans, a detection rate that was similar to that of late CT scan (25%). The rate of fluid collections and abscesses appeared to be higher in the late CT group. This difference was statistically significant for fluid collection rate (36.7% vs. 20.5%, p=0.005). There were also more abscess formation in the late CT group, and although this difference was not rendered statistically significant, it was very close to being so (22.1% vs. 14.1%, p=0.087). The frequency of gas appearance on the postoperative scan, both minimal and substantial, but not direct evidence of gas leakage, was higher in the early CT group.
The post-operative interventions performed following CT scans are outlined in Table 4 . During the period elected for the study, 29 patients (9.1% of the study population) were re-operated and 60 patients underwent drainage following their primary operation (18.9% of the study operation). Although the rate of re-operations following the post-operative CT was higher in the early CT group than in the late CT group (12 The inter-groups comparison in terms of post-operative course is shown in Table 5 . The rate of fatal outcome was higher in the early CT group (p = 0.028). The median time leg from the CT scan to post-operative intervention (whether re-operation or drainage), was 2 days in the early CT scan group, versus only 1 day in the late CT scan group but this finding was not statistically significant (p=0.202). There was no statistically significant difference in the length of ICU stay between the groups. 
CT Scans Outcome Evaluated by Post-operative Course
In accordance with the methodology described in methods, Table 6 shows that although the rate of FN cases was higher in the early CT group, while the rate of TP cases was higher in the late CT group, no statistically significant inter-group difference was found (p=0.28).
Next, sensitivity, specificity, positive predictive value, negative predictive value and accuracy were assessed (Table 7) . There was a significantly lower sensitivity of the early CT scan in diagnosing serious post-operative complications necessitating intervention.
Further, the accuracy of post-operative CT outcomes was assessed and compared between the study groups. The accuracy rate was slightly higher in the late CT group, but the difference was not statistically significant. 
Discussion
CT scan is the imaging procedure of choice to diagnose intra-abdominal post-operative complications. However, there is insufficient data about the value of CT scanning in the early post-operative CT period, when abnormal CT findings such as abdominal gas, fat infiltration or free fluid may be regarded as expected, while its sensitivity is limited and can potentially lead to a misdiagnosing of a serious condition and to delaying treatment.
This retrospective study was conducted to define the value and to establish the accuracy of abdominal CT imaging performed in the early post-operative period between POD 1-5 in the detection of post-operative complications. It was also compared to late post-operative period (POD 6-14). We aimed to examine the implications and consequences of an early post-operative CT scan compared to the late one.
Minimal amounts of free gas were found in 30.8% of early CT scans, and more substantial gas amounts on 11.5%, both being significantly more frequent than in the late CT group. Despite that, direct gas leak was only evident in 14.1% of scans, and that was not different from the gas leakage percentage in the late CT group. These results are similar to the findings of Gayer et al, demonstrating free gas on 44% of early post-operative CT scans and on 30% of late CT scans [5] . Similar findings were presented by Power et al showing that free abdominal air may well persist in the second post-operative week [3] .
We have found a low CT scan sensitivity of only 56% in diagnosing clinically significant early post-operative complications (POD 1-5), a factor that was statistically significant when compared to the later post-operative time period . This finding was comparable to findings by other authors which show limited CT sensitivity in the early post-operative period.
Moreover, the results show that early CT scans are more likely to necessitate a repeated scan. The rate of repeated CT scans was more than twice higher with the early CT scan group (23.1% vs. 11.2%, p=0.013). Whether because of the slightly higher rate of nonsignificant changes on the CT, e.g. abdominal gas, or due to other reasons, this finding suggests that CT scans ordered in the early post-operative period are prone to different interpretations and uncertainty.
Apart of the radiation hazards with every additional scan, this uncertainty may affect the clinical course of the patient, by possibly delaying a necessary intervention, as there were more drainage procedures in the early CT group. Despite the low sensitivity, the accuracy of the early CT was not inferior to that of the late CT. This can be explained by the high rate of true-negative CT outcomes.
The differences in the time lag from post-operative CT scan to an active post-operative intervention (whether surgery or drainage), were not statistically significant between the two study groups (p=0.22). However, it is easily seen that the median time leg from CT to intervention in the early CT group, was twice longer than with the late CT group (median 2 days vs. 1 day respectively). This could indicate a trend towards a delay of necessary treatment after early performed CT scans, owing, hypothetically, to uncertain CT interpretation.
The rate of death was higher in the early CT group (14.1% vs. 5.8%, p=0.028). A possible explanation is simply because these were the more difficult patients, which is why the CT scan was performed early in the first place. It is worth mentioning that a CT scan performed at a later time was not associated with worse outcome. There was no disadvantage with late CT scans, in terms of mortality, ICU stay, or the need for additional postoperative procedures. That may suggest that there is no disadvantage in postponing the CT scan when possible in appropriate situations, to a later period.
The difference in abscess formation rate between the two study groups, although higher in the late CT group, was not statistically significant. That seemingly supports the work by Antevil et al. [14] , which showed no significant difference in the diagnostic yield of CT for abscesses between early and late CT groups. However, it was on the verge of clinical significance (22.4% vs. 13.6%, p=0.087), a finding worth mentioning. Further, the rate of fluid collections detected, was much higher in the late CT group, a finding which was also statistically significant (36.5% vs. 19.8%, p=0.005). Both findings come to terms with the understanding of the inflammatory process, and the known observation that abscesses usually do not develop until the second week following surgery [15] .
The rate of drainage procedures in the late CT scan group was more than twice higher than in the early CT group (22.1% vs. 9.0%, p=0.008). Moreover, it is evident that the early CT scan will likely not detect a large proportion of fluid collections and abscesses, and that a great portion of them are clinically significant and are not responsive to antimicrobial treatment alone, from the fact that the rate of drainage procedures following a FN interpretation of the CT scan was twice as high in the early CT. [16] . Four thousand and fifty-five patients were analyzed in 10 randomized control trials; There was a higher total intraoperative complication rate [odds ratio (OR) 1.37, P = 0.010] and a higher rate of bowel injury in the laparoscopic group (OR 1.88, P = 0.020). There was no difference in the rate of intraoperative hemorrhage or solid organ injury. The authors were not able to individually identify the postoperative impact of each intraoperative complication.
Another possible explanation for the higher frequency of laparoscopic approach in the early CT group in this study is, that with laparoscopic surgery, without "feeling the tissue", the surgeon might be less sure of his actions and results during the operation. This uncertainty might lead to further uncertainty with CT scan interpretation, and taking more aggressive approach with every sign of possible complication.
Limitations
This study has several limitations. One limitation is its retrospective nature. The other is the objective difficulty in the CT interpretation, especially in the early postoperative period as discussed earlier, leading to different radiologic definitions to the same findings and the possible variability between radiologists. All CT scans included in the study were made in the same medical center and interpreted by trained radiologists. The most important limitation of the study is its format, in which clinical decisions that were made based on the CT scan outcome may be individual and differ among caregivers, especially when the clinical scenario and laboratory results may not be the same for different patients. All major clinical decisions in this hospital are made by trained general surgeons as the standard care. A partial way to overcome this limitation may be to add more subgroup analysis, by dividing the cases by type of surgery, type of complication, parallel clinical parameters and more. The downside of this stratification would be loss of the generalizability which characterizes this study.
Conclusion
Abdominal CT scan performed in the early post-operative period between POD 1-5 for the detection of infectious abdominal complications, are less sensitive and carry more than a two-fold risk of repeating it, compared with CT scan done between POD 6-14.
The accuracy of abdominal CT examination in detecting post-operative GI complications was not found to be statistically different between the early and late CT scan groups. Therefore, an intelligent use of CT scan in the appropriate timing should be based on clinical scenario. In the suitable situation, when a question of abdominal complication arises, it might be wise to refrain from performing an early CT scan, and make a therapeutic decision according to other clinical parameters, or to delay the scan so that its yield will be higher. That may contribute to a better patient management and treatment, and sparing of un-conclusive and potentially harmful tests.
